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Abstract

Acute encephalopathy in childhood is frequently associated with common
infections, especially in East Asia. Various types have been identified although many
cases remain unclassified. Congenital adrenal hyperplasia (CAH) is an autosomal
recessive disease presenting impairment of cortisol biosynthesis. We report three CAH
children with acute infection-related encephalopathy. They exhibited disturbed
consciousness or seizures, which did not improve after glucocorticoid administration,
accompanied by clinical and laboratory findings of adrenal insufficiency. Brain MRI
disclosed various patterns of white matter lesions, suggesting different types of acute
encephalopathy such as clinically mild encephalitis/encephalopathy with a reversible
splenial lesion or hemiconvulsion-hemiplegia syndrome. Acute encephalopathy should
be considered and brain MRI immediately performed when impairment of
consciousness does not improve after intravenous glucocorticoid administration in CAH
patients. Further research is required to elucidate the epidemiology and pathogenic

mechanisms of acute encephalopathy in CAH.
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Introduction

Encephalitis is defined as inflammation of the brain, presenting various
neurological manifestations such as disturbance of consciousness or seizures. In clinical
practice, the diagnosis is based on symptoms, radiological findings and inflammatory
markers such as pleocytosis of the cerebrospinal fluid (CSF). The less specific term
“encephalopathy” is used when neurological manifestations suggest encephalitis but
inflammation is not identified in the brain or CSF [1]. Acute encephalopathy in
childhood is frequently associated with common infections, especially in East Asia [2].
Only a fraction of the encephalopathy is accounted for by inherited metabolic disorders
such as fatty acid oxidation defects and carnitine palmitoyltransferase deficiency, at
least, in Japan [2]. Others are classified into various types including Reye syndrome [3],
hemorrhagic shock and encephalopathy [4] or acute necrotizing encephalopathy [5],
although many cases remain unclassified. Recently, new types have been identified
according to MRI findings, such as clinically mild encephalitis/encephalopathy with a
reversible splenial lesion (MERS) [6-7] and acute encephalopathy with biphasic
seizures and late reduced diffusion (AESD) [1].

Congenital adrenal hyperplasia (CAH) is an autosomal recessive disease
which manifests impairment of cortisol biosynthesis. The impairment results in
underproduction of cortisol and aldosterone, and overproduction of adrenocorticotropic
hormone (ACTH), corticotrophin, 17-hydroxyprogesterone and androgens. A Japanese
nation-wide survey reported on the clinical symptoms of acute encephalopathy in
treated children with CAH [8]. The study demonstrated that CAH children were highly
susceptible to infection-associated acute encephalopathy and that acute adrenal

insufficiency might relate to the onset. To our best knowledge, there are no reports to
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describe the detailed characteristics of acute encephalopathy in patients with CAH. We
report here clinical and MRI findings of three CAH children presenting with acute

encephalopathy.

Case reports
Patient 1

A 9-year-old girl was admitted (day 1) because of a disturbance in
consciousness after 2 days of fever and vomiting, during which she could not take
hydrocortisone. She had been diagnosed as simple virilizing subtype of
21R-hydroxylase deficiency (21-OHD) while a neonate and took replacement therapy
with oral hydrocortisone. She showed lethargy and delirium without other physical and
neurological abnormalities. Her state of consciousness was unchanged after intravenous
hydrocortisone. An arterial blood gas showed metabolic acidosis: pH 7.241, pCO2 34.8
mmHg, base deficit -11.8 mEg/L and anion gap 10.6 mmol/L. Laboratory data were the
following: white blood cell count 10,140/uL; C-reactive protein (CRP) 11.02 mg/dL;
glucose 111mg/dl; Na 125 mEg/L; K 4.9 mEqg/L; aspartate aminotransferase (AST) 96
IU/L; alanine aminotransferase (ALT) 29 IU/L; lactate dehydrogenase (LDH) 618 1U/L;
creatinine kinase 7306 U/L; ammonia 30 pg/dL; lactate 0.77 mmol/L. Amino acid
analysis and acylcarnitine profiles revealed no abnormalities. CSF examination revealed
normal cell counts (4/ul) with normal protein level (11 mg/dL). Influenza A virus was
detected by rapid antigen test. Electroencephalography showed generalized bilaterally
synchronous slow waves without epileptiform discharges. There were no abnormalities
in T1 and T2 weighted, and fluid attenuated inversion recovery (FLAIR) images of MRI.

However, diffusion-weighted images (DWI) of MRI revealed high intensity lesions
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diffusely in white matter and in the entire corpus callosum with reduced apparent
diffusion coefficients (ADC; Fig. 1A). She was treated with oseltamivir, steroid pulse
therapies, intravenous immunoglobulin and therapeutic hypothermia with mechanical
ventilation. After the hypothermia, her level of consciousness improved gradually. DWI
on day 17 showed complete resolution of the lesions. She showed no neurological

sequelae.

Patient 2

A 1-year 5-month-old boy showed disturbance of consciousness after 1 day of
fever and diarrhea. He had been diagnosed as salt-wasting 21-OHD through neonatal
screening tests and supplemented with oral hydrocortisone and fluorocortisol, which he
could not take at that time. He was admitted as his level of consciousness did not
improve after three times his usual dose of oral hydrocortisone. On admission (dayl) he
was comatose and exhibited complex partial status epilepticus. Electroencephalography
showed repetitive spike-and-wave patterns in the left hemisphere, predominantly in the
temporal area. Intravenous hydrocortisone was administered but his level of
consciousness did not recover. An arterial blood gas showed metabolic acidosis: pH
7.227, pCO2 45.5 mmHg, base deficit -9.0 mEg/L and anion gap 19.7 mmol/L.
Laboratory data were the following: white blood cell count 9,400/uL; CRP 0.4 mg/dL;
glucose 38 mg/dl; Na 134 mEqg/L; K 5.4 mEg/L; AST 266 IU/L; ALT 78 IU/L; LDH
732 1U/L; ACTH 1430 pg/ml [reference range: 7.4-55.7]; ammonia 61 pg/dL. Blood
lactate level was modelately high (3.94 mmol/L) on admission but normalized soon.
CSF examination revealed mild pleocytosis (13/ul) with normal protein level (20mg/dL).

No specific infectious agents were identified by extensive work-up. FLAIR images of
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MRI disclosed multiple high intensity lesions in the cerebral white matter (Fig. 1B). He
was treated with intravenous administration of hydrocortisone, barbiturate and
immunoglobulin with mechanical ventilation. FLAIR images of MRI on day 16 showed
partial resolution of the high intensity lesions. He showed no neurological sequelae

except for epilepsy.

Patient 3

A 2-year-11-month-old boy was admitted (day 1) because of repeated,
prolonged seizures after 1 day of vomiting, diarrhea and fever. He received twice his
usual dose of hydrocortisone. He had been diagnosed as salt-wasting 21-OHD through
neonatal screening tests and supplemented with oral hydrocortisone and fluorocortisol.
He had exhibited mild developmental retardation. He was semicomatose and had
clusters of generalized seizures. An arterial blood gas showed metabolic acidosis: pH
7.12, pCO2 38.0 mmHg, base deficit -16.1 mEg/L and anion gap 23.7 mmol/L.
Laboratory data were the following: white blood cell count 12,560/uL; CRP 6.7 mg/dL;
glucose 54 mg/dl; Na 130 mEg/L; K 4.2 mEg/L; AST 52 IU/L; ALT 21 IU/L; LDH 300
IU/L; ACTH 146 pg/ml; ammonia 89 pg/dL; Blood lactate level was moderately high
(3.51 mmol/L) but normalized soon. CSF examination revealed normal cell counts
(4/ul) with normal protein level (25mg/dL). No specific infectious agents were
identified by extensive work-up. He was treated with intravenous administration of
diazepam and hydrocortisone. His fever resolved and he became alert on day 2 of his
iliness. However, conjugate eye deviation to the right and clusters of left
hemiconvulsions appeared on day 4. DWI of MRI revealed high intensity lesions in the

right frontal subcortical white matter with reduced ADC (Fig. 1C). He was treated with
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intravenous hydrocortisone, edaravone and hyperbaric oxygen therapy. DWI on day 11
showed high intensity lesions in the right cortical hemisphere with reduced ADC (Fig.

1D). He exhibited mild left hemiparesis and epilepsy as sequelae.

Discussion

We report three CAH children with acute infection-associated encephalopathy.
They showed impaired consciousness or seizures, which did not improve after
intravenous administration of glucocorticoid. At the onset, they exhibited clinical
symptoms and laboratory findings of adrenal insufficiency: vomiting, diarrhea,
hypoglycemia, hyponatremia, hyperkalemia, metabolic acidosis or elevation of ACTH.
Brain MRI demonstrated various patterns of white matter lesions.

Variable clinical and MRI findings in our patients indicate that acute
infection-associated encephalopathy in CAH children may not relate to the specific type
of encephalopathy. In patient 1, DWI showed high intensity lesions in extensive white
matter areas and the entire corpus callosum, which disappeared at follow-up MRI. This
transient MRI abnormality and benign clinical course are consistent with MERS type 2
[6]. In patient 2, MRI showed multiple lesions in the cerebral white matter. We could
not classify his type of encephalopathy. In patient 3, lesions in the right hemisphere and
clusters of left hemiconvulsions with subsequent hemiparesis led to the diagnosis of
hemiconvulsion-hemiplegia syndrome (HHS) [9]. The serial change in the high
intensity lesions from subcortical white matter to cortex conforms well with a previous
report [10]. The lesions in the three patients were variable but predominant in white

matter.
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The white matter lesions in these cases may reflect white matter fragility in
CAH. MRI studies have demonstrated subclinical white matter abnormalities in adult
patients with CAH [11-13]. The distribution of these abnormalities was variable: focal,
diffuse and both focal and diffuse. In rat pups, hydrocortisone may promote the
differentiation into oligodendrocytes that provide myelin in the white matter [14].
Conversely, glucocorticoid administration inhibits the proliferation of oligodendrocyte
progenitors in adult rats [15] and delays myelination of the corpus callosum, a major
white matter tract in fetal sheep [16]. Patients with CAH can be overexposed to
corticotrophin, 17-hydroxyprogesterone and androgens, and underexposed to cortisol
and aldosterone, before and after birth. Additionally, their cortisol levels are dependent
on exogenous replacement and different from the natural circadian variation [17]. These
imbalances of hormonal factors might disrupt the normal formation and maintenance of
white matter [18] and provide the basis of the lesions in CAH children.

The pathogenic mechanism of acute encephalopathy in children with CAH, as
well as no underlying disease, remains unknown, although adrenal insufficiency may
play a role in its onset, as previously suggested [8]. The white matter lesions in our
patients are unlikely to be explained by hypoxic/ischemic or hypoglycemic
encephalopathy due to adrenal crisis as reported in a CAH child [19]. In that
encephalopathy, MRI usually demonstrates diffuse lesions predominantly in the cortex,
thalamus, basal ganglia or hippocampus. In MERS (patient 1) and HHS (patient 3), one
of the pathogenic mechanisms is postulated to be inflammation [7, 20]. In cases of virus
infection, corticosteroids are produced in response to pro-inflammatory cytokines and
downregulate these entities [21]. Endogenous or supplemented corticosteroids may be

too insufficient to regulate these cytokines in some CAH patients. This corticosteroids
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insufficiency might fail to suppress excessive cytokines and trigger acute
encephalopathy. To the best of our knowledge, the association of acute encephalopathy
with CAH has not been reported except in Japan [8]. One possible explanation for this
and for the high incidence of acute encephalopathy in East Asia is that Asian people
might have genetic backgrounds that facilitate the development of encephalopathy [22].
The infection-related acute adrenal insufficiency might induce the onset of acute

encephalopathy in CAH individuals with such a genetic predisposition.

Conclusion

In CAH children, various types of acute encephalopathy can develop
following common infections. Acute encephalopathy should be considered and brain
MRI including DWI immediately performed when impairment of consciousness does
not improve after intravenous glucocorticoid administration. Further research is required

to elucidate the epidemiology and pathogenic mechanisms of the association.
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Figure Legends

Figure

MRI findings of the three patients. A: (patient 1) DWI on day 2 demonstrates
symmetrical high intensity lesions in extensive white matter areas and the entire corpus
callosum. B: (patient 2) FLAIR shows multiple lesions predominantly in the left white
matter. C, D: (patient 3) DWI reveals high intensity lesions in the frontal-dominant right
hemisphere, predominantly in subcortical white matter on day 4 (C) and in the cortices

on day 11 (D).
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